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REGISTER WITH A FIRST NETWORK ACCESS 
SERVER THAT PROVIDES MOBILE IP SERVICE TO 

THE WIRELESS DEVICE 

I 202 

WAIT A PREDETERMINED AMOUNT OF TIME AFTER 
REGISTERING WITH THE FIRST NETWORK ACCESS 
SERVER BEFORE REGISTERING WITH A SECOND 
NETWORK ACCESS SERVER THAT PROVIDES 

MOBILE IP SERVICES TO THE WIRELESS DEVICE 

FIG. 3 
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PACKET ZONE ID CORRESPONDING TO THE FIRST 

NETWORK ACCESS SERVER 

l 222 
HANDOFF FROM THE FIRST BASE STATION TO THE J 
SECOND BASE STATION, AND AS PART OF THE 
HANDOFF, RECEIVE FROM THE SECOND BASE 

STATION A SECOND PACKET ZONE ID 
CORRESPONDING TO THE SECOND NETWORK 

ACCESS SERVER 

l 224 
DETERMINE THAT THE SECOND PACKET ZONE ID / 
IS DIFFERENT THAN THE FIRST PACKET ZONE ID, 
AND RESPONSIVELY WAIT FOR AN EXPIRATION OF 
THE PREDETERMINED AMOUNT OF TIME AFTER 

REGISTERING WITH THE FIRST NETWORK ACCESS 
SERVER BEFORE REGISTERING WITH THE SECOND 

NETWORK ACCESS SERVER 

FIG. 4 
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PACKET ZONE ID CORRESPONDING TO A FIRST 
PDSN PROVIDING MOBILE IP SERVICES TO 

WIRELESS DEVICES SERVED BY THE FIRST BASE 
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BASE STATION A TIMER VALUE ASSOCIATED WITH 

THE FIRST PACKET ZONE ID 
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i 244 
MAKE A MOBILE lP REGISTRATION WITH THE FIRST J 

PDSN 
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START A TIMER HAVING A DURATION 

CORRESPONDING TO THE TIMER VALUE 
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PDSNs OTHER THAN THE FIRST PDSN UNTIL AFTER 

THE TIMER EXPIRES 

FIG. 5 
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TO WIRELESS DEVICES SERVED BY THE SECOND 
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MAINTAIN THE MOBILE IP REGISTRATION WITH THE 
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METHOD AND SYSTEM FOR TIMER-BASED 
MOBILE IP RE-REGISTRATION IN A 
WIRELESS WIDE AREA NETWORK 

FIELD OF THE INVENTION 

This invention relates generally to wireless wide area net 
works and Mobile IP. More speci?cally, it relates to a method 
and system for Mobile IP registration by wireless devices 
handing off between access points in a wireless wide area 
network. 

BACKGROUND OF THE INVENTION 

A wireless device may access a wireless wide area network 
(“WWAN”) that provides voice, data or other services to the 
wireless device. The WWAN may include multiple access 
points throughout its coverage area, which allow a wireless 
device to travel among different physical locations while still 
remaining within the coverage area of the WWAN. As a 
wireless devices changes locations it might remain within the 
coverage area of the WWAN but move from a portion of the 
WWAN served by one access point to another portion of the 
WWAN served by another access point. 
As the wireless device moves out of range of one access 

point and into range of another access point, the wireless 
device might handoff between the access points. For 
example, the WWAN might be a wireless telecommunica 
tions network, and the access points might be base transceiver 
stations (“BTSs”). In this case, the wireless device might 
handoff among different BTSs as it moves throughout the 
coverage area of the wireless telecommunications network. 
Various different types of handoffs, such as hard or soft hand 
offs, are possible depending on the particular type of WWAN. 

The Internet Protocol (“IP”) is one protocol the wireless 
device might use when accessing the WWAN and communi 
cating with one or more entities on the WWAN or on another 

network via the WWAN. IP de?nes an addressing system in 
which a wireless device might be assigned a unique address 
that can be used to route data packets to and from that wireless 
device. That is, the IP address can be a globally routable 
address. A given IP address, however, is typically associated 
with a speci?c IP sub-network, which is a logical network 
de?ned for routing IP packets to their assigned devices. 
As the wireless device moves among different access 

points in the WWAN, the wireless device might move among 
different IP sub-networks. Mobile IP is an extension of IP that 
allows a wireless device to roam among different IP sub 
networks while still receiving packets addressed to its 
assigned IP address. That is, even though the wireless device 
might move to an IP sub -network that is different from the IP 
sub-network for its IP address, the wireless device can con 
tinue to use that IP address and to receive packets addressed to 
the IP address. 

Usually an IP sub-network is served by a network access 
server (“NAS”), which can provide Mobile IP services to 
wireless devices on the IP sub-network. In some WWANs, the 
network access server might be a packet data serving node 
(“PDSN”); however, other types of network access servers 
might be used, and the particular type of network access 
server used might vary depending on the particular type of 
WWAN. 

In Mobile IP terminology, a network access server might 
serve as both a “foreign agent” (“FA”) and a “home agent” 
(“HA”) to wireless devices, although this functionality might 
be distributed among one or more other entities. It is a home 
agent with respect to wireless devices having IP addresses on 
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2 
its IP sub-network, while it is a foreign agent with respect to 
wireless devices having IP addresses on different IP sub 
networks. 
As a home agent, a NAS can receive packets addressed to 

a wireless device that has its IP address on the same IP 
sub-network as the home agent. When the wireless device is 
on its home IP sub-network, the home agent can forward the 
packets directly to the wireless device on its home IP sub 
network. When the wireless device has roamed away from its 
home IP sub-network to a foreign IP sub-network, the home 
agent can forward the packets to a NAS acting as a foreign 
agent for the wireless device on the foreign IP sub-network. 
As a foreign agent, a NAS can receive a registration from a 

wireless device that has roamed away from its home IP sub 
network to the foreign IP sub-network of the foreign agent. 
The foreign agent can in turn notify the wireless device’s 
home agent of the wireless device’s current location on the 
foreign IP sub-network. Packets addressed to the wireless 
device may then ?rst be routed to its home agent, which in 
turn uses the registration to determine that the packets should 
be forwarded to the foreign agent. The foreign agent receives 
the packets and then sends them to the wireless device’s 
current location on the foreign IP sub-network. 
A wireless device might change locations, thereby moving 

among one or more different IP sub-networks. One of the IP 
sub-networks might be served by a HA for the wireless 
device, and the other IP sub-networks might be served by 
respective FAs for the wireless device. As the wireless device 
moves among these IP sub-networks, it can alter is registra 
tion with its home agent or a foreign agent. For example, the 
wireless device might currently be registered with a ?rst 
foreign agent on a ?rst IP sub-network. The wireless device 
might the move to a second IP sub-network, which is served 
by a second foreign agent. 
The wireless device might detect the presence of the sec 

ond foreign agent in a variety of different ways. The wireless 
device might receive from the second foreign agent an agent 
advertisement message, which foreign and home agents can 
periodically transmit in order to signal their presence to wire 
less devices. Alternatively, the wireless device might transmit 
an agent solicitation message and in turn receive a response 
from an available home or foreign agent, such as the second 
foreign agent. Other methods might also be used. 

After detecting the second foreign agent, the wireless 
device might initiate a Mobile IP re-registration with the 
second foreign agent. That is, instead of continuing its regis 
tration with the ?rst foreign agent, the wireless device might 
switch its registration to the second foreign agent. Thus, 
re-registration can refer to the process of switching from 
being registered with one agent (e.g., either a PA or a HA) to 
being registered with another agent. During re-registration, 
the second foreign agent can notify the wireless device’s 
home agent of its new location. The home agent then begins 
forwarding packets for the wireless device to the second 
foreign agent instead of the ?rst foreign agent. 

In the WWAN, multiple access points might be served by a 
single NAS. Thus, the access points might all be on the same 
IP sub-network. A wireless device moving among these dif 
ferent access points might then remain on the same IP sub 
network, and therefore it would not need to update its Mobile 
IP registration with a different NAS as it roamed among these 
access points. When the wireless device eventually hands off 
to an access point served by a different NAS, the wireless 
device would then need to update its Mobile IP registration 
with the new NAS. This re-registration typically occurs 
regardless of whether the wireless device is currently partici 
pating in a Mobile IP session. 
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In some instances, the wireless device might be located at 
a boundary between areas served by different access points. 
The access points might be located on different IP sub-net 
works and served by different NASs. When the wireless 
device is located at this boundary, whether the wireless device 
is stationary or moving, it might handoff back and forth 
between the two access points in a sort of ping pong effect. 
For example, the relative signal strengths of the RF signal 
received from the access points, or other factors used in 
determining whether to initiate a handoff, might be approxi 
mately equal. 

Small changes in the location of the wireless device, varia 
tions in atmospheric conditions, other a variety of other 
effects might cause corresponding slight changes in the rela 
tive signal strengths of the access points. And, these effects 
might continuously, although possibly only slightly, alter the 
relative signal strengths of the RF signal received from the 
access points as detected by the wireless device. Since the 
signal strengths might be approximately equal, these small 
changes might cause the two signals, within a relatively short 
period of time, to oscillate back and forth around a point set to 
trigger the wireless device to handoff between the access 
points. Each handoff might in turn each cause the wireless 
device to initiate a Mobile IP re-registration with a NAS for 
the respective access point currently serving the wireless 
device. These re-registrations might consume WWAN 
resources, consume battery power in the wireless device or 
have other adverse effects. 

Therefore, there exists a need for an improved method and 
system for Mobile IP registration by wireless devices handing 
off between access points in a WWAN. 

SUMMARY OF THE INVENTION 

A wireless device might handoff to a ?rst access point in a 
wireless wide area network. As part of the handoff, the wire 
less device might receive an identi?er from the access point 
that identi?es a ?rst network access server providing Mobile 
IP services to wireless devices being served by the ?rst access 
point. After initiating a registration with the ?rst network 
access server, the wireless device might thereafter wait a 
predetermined amount of time before making any subsequent 
Mobile IP registrations with other network access servers. 

For example, the wireless device might handoff to a second 
access point served by a second network access server pro 
viding Mobile IP services to wireless devices being served by 
the second network access server. The wireless device might 
then determine that the predetermined amount of time after its 
registration with the ?rst network access server has not passed 
and therefore continue its registration with the ?rst network 
access server rather than re-registering with the second net 
work access server. 

These as well as other aspects and advantages of the 
present invention will become apparent from reading the 
following detailed description, with appropriate reference to 
the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Exemplary embodiments of the present invention are 
described herein with reference to the drawings, in which: 

FIG. 1 is a block diagram of an exemplary system imple 
menting Mobile IP registration using re-registration timers in 
a WWAN; 

FIG. 2 shows an exemplary architecture for a WWAN, such 
as can be used to implement timer-based re-registration for 
wireless devices handing off between access points; 
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4 
FIG. 3 is a ?owchart depicting an exemplary method for 

Mobile IP registration by a wireless device on a wireless wide 
area network; 

FIG. 4 is a ?owchart depicting an exemplary method that 
can be used for a wireless device to wait a predetermined 
amount of time before re-registering with a network access 

server; 
FIG. 5 is a ?owchart depicting an exemplary method for a 

wireless device handing off between base stations in a wire 
less wide area network to register for Mobile IP services; and 

FIG. 6 is a ?owchart depicting an exemplary method the 
wireless device might perform for each handoff to a second 
base station in a series of handoffs between the ?rst and 
second base stations where the wireless device has a current 
Mobile IP registration with a ?rst PDSN corresponding to the 
?rst base station. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

I. Overview 

FIG. 1 is a block diagram of an exemplary system imple 
menting Mobile IP registration using re-registration timers in 
a WWAN. The WWAN includes a ?rst base transceiver sta 
tion (“BTS”) 50 and a second BTS 52, although the WWAN 
might alternatively use other types of access points. The ?rst 
BTS 50 might interface with a ?rst PDSN 54, and the second 
BTS 52 might interface with a second PDSN 56. The two 
PDSNs might provide Mobile IP services to their respective 
BTSs, but the WWAN might alternatively use network access 
servers other than PDSNs to provide these services. In this 
exemplary con?guration, the ?rst BTS 50 is on one IP sub 
network, and the second BTS 52 is on another IP sub-net 
work. 
The ?rst BTS 50 generally serves a particular sector of the 

WWAN. Wireless devices within range of the ?rst BTS 50 can 
then communicate with the ?rst BTS 50 in order to access the 
WWAN. Similarly, wireless devices within range of the sec 
ond BTS 52 can communicate with the second BTS 52 in 
order to access the WWAN. FIG. 1 generally depicts a ?rst 
partial boundary 58 for the ?rst BTS 50 and a second partial 
boundary 60 for the second BTS 52. The partial boundaries 
58, 60 might approximately represent the distance from the 
access point at which wireless devices move in and out of the 
range of the access point. At these partial boundaries 58, 60, 
a wireless device might handoff from one BTS to the other 
BTS depending on the relative signal strengths of the RF 
signal received from the ?rst and second BTSs 50, 52 or a 
variety of other factors. 
A wireless device 62 handing off to a new BTS might 

receive from that new BTS an identi?er, such as a Packet Zone 
ID, that identi?es a particular PDSN associated with the new 
BTS. For example, the wireless device 62 might handoff from 
the ?rst BTS 50 to the second BTS 52. It might receive from 
the second BTS 52 a Packet Zone ID that identi?es the second 
PDSN 56 and then register with the second PDSN 56. In 
addition to receiving the Packet Zone ID, the wireless device 
62 might also receive from the second BTS 52 a timer value 
that it can use to delay making any subsequent Mobile IP 
re-registrations by an amount of time indicated by the timer 
value. 
The wireless device 62 might then handoff back to the ?rst 

BTS 50, and the wireless device 62 might receive from the 
?rst BTS 50 a Packet Zone ID that identi?es the ?rst PDSN 
54. Handing off to a new BTS and receiving a Packet Zone ID 
that identi?es that the wireless device’s new BTS is associ 



US 7,697,489 B1 
5 

ated With a different PDSN than the Wireless device’s previ 
ous BTS might ordinarily cause the Wireless device 62 to 
initiate a Mobile IP re-registration With the PDSN for its neW 
BTS. However, this might not occur if the Wireless device 62 
uses timer-based re-registrations. That is, the Wireless device 
62 might determine that the timer has not yet expired, and 
therefore it might not initiate a re-registration With the ?rst 
PDSN 54. If the Wireless device 62 subsequently hands off 
back to the second BTS 52, it Would not need to re-register 
With the second PDSN 56. 

Several of these back and forth handoffs might occur 
before the expiration of a timer corresponding to the timer 
value. For example, FIG. 1 depicts an exemplary travel path 
64 for the Wireless device 62 as it moves along the partial 
boundaries 58, 60, and this travel path 64 might result in 
several handoffs of the Wireless device 62 betWeen the ?rst 
BTS 50 and the second BTS 52. For each handoff, the Wire 
less device 62 Would receive the Packet Zone ID for the neW 
BTS. Until the timer expires, hoWever, these back and forth 
handoffs Would not result in corresponding Mobile IP re 
registrations. 

This might conserve netWork resources, battery poWer in 
the Wireless device 62 or have other advantages. After the 
timer expires, the Wireless device 62 might check the most 
recent Packet Zone ID that it received. If it is different than the 
Packet Zone ID for its current Mobile IP registration, the 
Wireless device 62 might then initiate a re-registration for this 
neW Packet Zone ID. Otherwise, the Wireless device 62 might 
Wait until it makes a subsequent handoff that results in receiv 
ing a Packet Zone ID different than that of its current Mobile 
IP registration before initiating a re-registration. 

II. Exemplary Architecture 

FIG. 2 shoWs an exemplary architecture for a WWAN, such 
as can be used to implement timer-based re-registration for 
Wireless devices handing off betWeen access points. As 
depicted in FIG. 2, a ?rst Wireless device 62 and a second 
Wireless device 102 are located Within a sector 104 of the 
Wireless netWork. The Wireless devices 62, 102 may be any 
type of Wireless device, such as a mobile phone, a personal 
digital assistant (“PDA”), a tWo-Way pager, a tWo-Way radio, 
a Wirelessly equipped computer or another Wireless device. 
While FIG. 2 depicts tWo Wireless devices 62, 102 Within the 
sector 104, the sector 104 may include a greater or feWer 
number of Wireless devices. Also, it is not necessary that the 
Wireless devices all be the same type of Wireless device. 

The WWAN includes many different sectors, each of 
Which might be served by a respective access point. HoWever, 
one sector might alternatively be served by more than one 
access point. The access points may provide Wireless devices 
With connectivity to the WWAN, Which the Wireless devices 
can use to obtain voice and/or data services. The particular 
division of the WWAN into sectors and the number and 
arrangements of access points might vary With the particular 
WWAN implementation. 
As depicted in FIG. 2, the Wireless devices 62, 102 com 

municate With a base transceiver station (“BTS”) 106 through 
an air interface. The Wireless devices 62, 102 might commu 
nicate With the BTS 106 via the air interface using a variety of 
different protocols. In one exemplary embodiment, the Wire 
less devices 62, 102 communicate With the BTS 106 using 
Code Division Multiple Access (“CDMA”), such as in a 
CDMA2000 3G packet data netWork. CDMA provides a 
method for the Wireless devices 62, 102 and the BTS 106 to 
communicate over a spread spectrum of frequencies. 
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6 
CDMA is described in further detail in Telecommunica 

tions Industry Association (“TIA”) standards IS-95A and 
IS-95B. CDMA is also described in the International Tele 
communications Union (“ITU”) IMT-2000 series of stan 
dards. CDMA is further described in the TIA IS-2000 series 
of standards. The IS-2000 series of standards are commonly 
referred to as CDMA2000. 

Other protocols might also be used. For example, the Wire 
less devices 62, 102 and the BTS 106 might alternatively use 
Wideband CDMA (“WCDMA”), Time Division Synchro 
nous CDMA (“TD-SCDMA”), Advanced Mobile Phone Ser 
vice (“AMPS”), Digital AMPS (“D-AMPS”), Universal 
Mobile Telecommunications System (“UMTS”), Global Sys 
tem for Mobile Communication (“GSM”), General Packet 
Radio Services (“GPRS”), IS-l36, Time Division Multiple 
Access (“TDMA”), Frequency Division Multiple Access 
(“FDMA”) or other protocols. Additional Wireless protocols, 
such any of the variety of protocols under the Institute of 
Electrical and Electronics Engineers (“IEEE”) 802.11 
umbrella, Bluetooth or others might also be used. 
The BTS 106 couples to a base station controller (“BSC”) 

108, Which can perform various functions such as managing 
handoffs of the Wireless devices 62, 102 as they move among 
different BTSs. The BSC 108 may in turn connect to a mobile 
sWitching center (“MSC”) 110. The MSC 110 can manage 
setup and teardoWn of connections With the Wireless devices 
62, 102. While the BSC 108 and the MSC 110 are depicted as 
separate components, their functionality might also be com 
bined into a single component. 
The MSC 110 can additionally provide connectivity to the 

public sWitched telephone netWork (“PSTN”) 112. Using this 
connectivity, the Wireless devices 62, 102 might communi 
cate With other devices that are also connected to the PSTN 
112. For example, the Wireless devices 62, 102 might form 
circuit sWitched connections With other devices on the PSTN 
112 and then exchange voice and/or data tra?ic over those 
circuit sWitched connections. 

In addition to connecting to the MSC 110, the BSC 108 
might also connect With a packet data serving node (“PDSN”) 
114. The PDSN 114 may in turn provide connectivity to a 
packet data netWork, such as the Internet 116, an intranet or 
another packet data netWork. The Wireless devices 62, 102 
can use this connectivity to engage in packet data communi 
cations With other devices, and the Wireless devices might use 
a variety of different protocols to engage in data communi 
cations With these other devices. 
When connecting to the WWAN for data services, the 

Wireless devices 62, 102 might establish a Point-to-Point 
Protocol (“PPP”) session With the PDSN 114. While the 
Wireless devices 62, 102 might communicate With the PDSN 
114 through a PPP session, they might also use other higher 
and loWer level protocols to communicate With the PDSN 114 
and ultimately With other devices. For example, the Wireless 
devices 62, 102 might use Internet Protocol (“IP”), Mobile IP, 
Transmission Control Protocol (“TCP”), User Datagram Pro 
tocol (“UDP”) or other protocols. 
PPP is described in more detail in Internet Engineering 

Task Force (“IETF”) Request for Comments (“RFCs”) 1661, 
1662 and 1663. IP is described in more detail in IETF RFC 
791. Mobile IP is described in detail in the Internet Engineer 
ing Task Force Request for Comment 2002, C. Perkins, Octo 
ber 1996. TCP is described in more detail in IETF RFC 793. 
UPD is described in further detail in IETF RFC 768. 
The BTS 106 might store a Packet Zone ID or some other 

identi?er for the PDSN 114 providing it Mobile IP services. 
When the Wireless device 62 then participates in a handoff to 
the BTS 106, it provides the Wireless device 62 With that 



US 7,697,489 B1 
7 

Packet Zone ID. The BTS 106 might send the Packet Zone ID 
to the wireless device 62 via a paging channel or a forward 
tra?ic channel; however, other channels might also be used. 

The BTS 106 can also provide the wireless device 62 with 
a timer value, which the BTS 106 can obtain in a variety of 
different ways. For example, the timer value might be de?ned 
in the BTS 106. Alternatively, the timer value might be 
de?ned in the PDSN 114, which can in turn provide the timer 
value to the BTS 106. Still alternatively, the timer value might 
be speci?ed at a centraliZed BSC (“CBSC”) that serves mul 
tiple BTSs. These are merely examples, and the timer value 
might alternatively be speci?ed at other elements in the 
WWAN. Different centraliZed elements might use different 
timer values. For example, the ?rst and second PDSNs 54, 56 
might use different timer values for their respective BTSs. 

De?ning the timer value in a centraliZed element, such as at 
a PDSN or CBSC, might conveniently allow the timer value 
to be changed at the single location while still having the 
change propagate through to multiple BTSs served by the 
centraliZed element. The timer value might be provided from 
the centraliZed element to the BTSs in a variety of different 
ways. For example, the centraliZed element might periodi 
cally transmit the timer value to the BTSs. In another 
example, the centraliZed element might initially transmit the 
timer value to the BTSs. Rather than periodically re-transmit 
ting the timer value to the BTSs, the centraliZed element 
might only re-transmit the timer value to the BTSs after a 
change is made to the timer value. In yet another example, the 
BTSs might periodically request the timer value from the 
centraliZed element, which can provide the BTSs with the 
timer value in response to the requests. These are only 
examples, and other methods are also possible. 

The timer value might itself be a number of seconds, min 
utes, hours or some other time measure. Alternatively, the 
timer value might itself be a code that indicates which of one 
or more pre-speci?ed amounts of time to use. The pre-speci 
?ed amounts of time might be programmed into the wireless 
device 62 or otherwise provided to the wireless device 62. 
After the wireless device 62 receives the timer value that itself 
is a code, the wireless device 62 can then determine the 
amount of time corresponding to the code. 

For example, the wireless device 62 might store four pre 
speci?ed amounts of time. These pre-speci?ed amounts of 
time might be pre-programmed into the wireless device. In 
some embodiments, the pre-speci?ed amounts of time might 
be alterable by a user of the wireless device, while in other 
embodiments they might not be alterable by a user of the 
wireless device. The timer value might simply indicate which 
of the four pre-speci?ed amounts of time to use. Other meth 
ods might also be used to determine the amount of time 
corresponding to a given timer value. 

The timer value might correspond to any amount of time, 
and in a preferred embodiment the timer value corresponds to 
approximately two minutes. Many different factors might be 
used to determine the timer values. For example, the mor 
phology of the WWAN might be used to determine the timer 
values. If the partial boundaries 58, 60 fall along a highway or 
other road where wireless devices might be moving more 
rapidly and therefore potentially changing locations more 
quickly, then the timer value might be set to correspond to a 
smaller amount of time. However, if the partial boundaries 58, 
60 correspond to a residential neighborhood, a downtown 
area or some other location where wireless devices might not 
be moving more rapidly and therefore possibly not changing 
locations as quickly, the timer value might be set to corre 
spond to a greater amount of time. 

20 

25 

35 

40 

45 

50 

55 

60 

65 

8 
Also, different timer values might be used throughout the 

WWAN. For example, a PDSN might store different timer 
values that respectively correspond to different BTSs being 
provided Mobile IP services by the PDSN. Where the timer 
values are speci?ed in a CBSC or some other element, that 
element might similarly store different timer values that 
respectively correspond to different BTSs. These centraliZed 
elements might then provide the different timer values to their 
corresponding BTSs, such as upon changes to the timer val 
ues, requests from BTSs or other events. 

III. Exemplary Operation 

FIG. 3 is a ?owchart depicting an exemplary method for 
Mobile IP registration by a wireless device on a wireless wide 
area network. At Step 200, the wireless device registers with 
a ?rst network access server that provides Mobile IP service 
to the wireless device. The ?rst network access server might 
be, for example, a PDSN. However, it might alternatively be 
another type of network access server. At Step 202, the wire 
less device waits a predetermined amount of time after reg 
istering with the ?rst network access server before registering 
with a second network access server that provides Mobile IP 
services to the wireless device. 

For example, after registering with the ?rst network access 
server, the wireless device might handoff to one or more 
access points that are served by respective network access 
servers other than the ?rst network access server. These other 
network access servers might provide Mobile IP services to 
wireless devices being served by their respective access 
points. However, if the predetermined amount of time has not 
expired, the wireless device might continue its registration 
with the ?rst network access server rather than initiating a 
re-registration with any of these other network access servers. 

FIG. 4 is a ?owchart depicting an exemplary method that 
can be used for a wireless device to wait a predetermined 
amount of time before re-registering with a network access 
server. This method might be used in conjunction with the 
method of FIG. 3. In this method, the ?rst network access 
server might serve at least a ?rst base station, and the second 
network access server might serve at least a second base 
station. 
At Step 220, the wireless device receives from the ?rst base 

station a ?rst packet Zone ID corresponding to the ?rst net 
work access server. At Step 222, the wireless device hands off 
from the ?rst base station to a second base station, and as part 
of the handoff, receives from the second base station a second 
packet Zone ID corresponding to the second network access 
server. At Step 224, the wireless device determines that the 
second packet Zone ID is different than the ?rst packet Zone 
ID, and responsively waits for an expiration of the predeter 
mined amount of time after registering with the ?rst network 
access server before registering with the second network 
access server. 

FIG. 5 is a ?owchart depicting an exemplary method for a 
wireless device handing off between base stations in a wire 
less wide area network to register for Mobile IP services. At 
Step 240, the wireless device hands off to a ?rst base station 
in the wireless wide area network. At Step 242, the wireless 
devices receives from the ?rst base station a ?rst Packet Zone 
ID corresponding to a ?rst PDSN providing Mobile IP ser 
vices to wireless devices served by the ?rst base station and 
also receives from the ?rst base station a timer value associ 
ated with the ?rst packet Zone ID. 
The wireless device might receive the ?rst Packet Zone ID 

as part of the handoff process, or the wireless device might 
alternatively receive the Packet Zone ID before or after it 
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hands off to the ?rst base station. The ?rst base station might 
provide the ?rst Packet Zone ID to the Wireless device, and the 
?rst Packet Zone ID might be de?ned and stored in the ?rst 
base station. Alternatively, the ?rst base station might obtain 
the ?rst Packet Zone ID from the ?rst PDSN, a common BSC 
or some other element before then providing the ?rst Packet 
Zone ID to the Wireless device. 
At Step 244, the Wireless device makes a Mobile IP regis 

tration With the ?rst PDSN. For example, the ?rst PDSN 
might be acting as a home agent or a foreign agent to the 
Wireless device, and the Wireless device might register its 
presence on the IP sub-netWork of the PDSN by sending a 
Mobile IP registration message to the ?rst PDSN. At Step 
246, the Wireless device starts a timer having a duration 
corresponding to the timer value. At Step 248, the Wireless 
device delays any Mobile IP re-registrations With PDSNs 
other than the ?rst PDSN until after the timer expires. 

In one exemplary operation, the Wireless device 62 might 
be located at a boundary betWeen ?rst and second access 
points, such as the ?rst and secondbase stations 50, 52 ofFIG. 
1. The Wireless device 62 might be stationary at this boundary, 
or it might be moving around this boundary. The Wireless 
device 62 might initially be served by one of the access points, 
such as the ?rst base station 50, and the Wireless device 62 
might also make a Mobile IP registration With a ?rst netWork 
access server that corresponds to the ?rst access point, such as 
the ?rst PDSN 54 that corresponds to the ?rst base station 50. 

After making this initial registration, the Wireless device 62 
might handoff to the second access point. A second netWork 
access server rather than the ?rst netWork access server might 
correspond to the second access point. For example, the Wire 
less device 62 might handoff from the ?rst base station 50 to 
the second base station 52, Which is served by the second 
PDSN 56 instead of the ?rst PDSN 54. That is, the ?rst and 
second access points might be on different IP sub-netWorks. 
The Wireless device 62 might then handoff back to the ?rst 
access point. Based on various factors such as changes in the 
location of the Wireless device 62, changes in the relative 
signal strengths of the RF signal received from the tWo access 
points or other factors, the Wireless device 62 might undergo 
several handoffs from the ?rst access point to the second 
access point and then back to the ?rst access point. 

After the Wireless device 62 makes its initial Mobile IP 
registration With the ?rst netWork access server, the Wireless 
device 62 might Wait a predetermined amount of time before 
making any subsequent Mobile IP re-registrations With other 
netWork access servers. FIG. 6 is a ?owchart depicting an 
exemplary method the Wireless device might perform for 
each handoff to a second base station in a series of handoffs 
betWeen the ?rst and second base stations Where the Wireless 
device has a current Mobile IP registration With a ?rst PDSN 
corresponding to the ?rst base station. 

At Step 260, the Wireless device receives from the second 
base station a second Packet Zone ID corresponding to a 
second PDSN providing Mobile IP services to Wireless 
devices served by the second base station. The Wireless 
device then determines that the timer for its initial registration 
With the ?rst netWork access server corresponding to the ?rst 
base station has not yet expired, as shoWn at Step 262. Since 
the timer has not yet expired, the Wireless device then main 
tains its Mobile IP registration With the ?rst PDSN instead of 
initiating a Mobile IP re-registration With the second PDSN, 
as shoWn at Step 264. 

Although the Wireless device 62 might undergo multiple 
handoffs betWeen the ?rst and second base stations 50, 52, the 
Wireless device 62 might maintain its Mobile IP registration 
With the ?rst PDSN 54 corresponding to the ?rst base station 
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50. That is, for each handoff to the second base station 52 
during the predetermined amount of time after its registration 
With the ?rst PDSN 54, the Wireless device 62 Would not 
re-register With the second PDSN 56. This might advanta 
geously conserve netWork resources, conserve battery life in 
the Wireless device 62 or have various other advantages. 

It should be understood that the programs, processes, 
methods and apparatus described herein are not related or 
limited to any particular type of computer or netWork appa 
ratus (hardWare or software), unless indicated otherWise. 
Various types of general purpose or specialiZed computer 
apparatus may be used With or perform operations in accor 
dance With the teachings described herein. While various 
elements of the preferred embodiments have been described 
as being implemented in softWare, in other embodiments 
hardWare or ?rmWare implementations may alternatively be 
used, and vice-versa. 

In vieW of the Wide variety of embodiments to Which the 
principles of the present invention can be applied, it should be 
understood that the illustrated embodiments are exemplary 
only, and should not be taken as limiting the scope of the 
present invention. For example, the steps of the How diagrams 
may be taken in sequences other than those described, and 
more, feWer or other elements may be used in the block 
diagrams. The claims should not be read as limited to the 
described order or elements unless stated to that effect. 

In addition, use of the term “means” in any claim is 
intended to invoke 35 U.S.C. §ll2, paragraph 6, and any 
claim Without the Word “means” is not so intended. There 
fore, all embodiments that come Within the scope and spirit of 
the folloWing claims and equivalents thereto are claimed as 
the invention. 
We claim: 
1. A method for Mobile Internet Protocol (IP) registration 

by a Wireless device on a Wireless Wide area netWork, the 
method comprising: 

handing off to a ?rst access point served by a ?rst netWork 
access server that provides Mobile IP service; 

after handing off to the ?rst access point, registering With 
the ?rst netWork access server 

after registering With the ?rst netWork access server, hand 
ing off to a second access point served by a second 
netWork access server that provides Mobile IP service; 
and 

after handing off to the second access point, Waiting a 
predetermined amount of time after registering With the 
?rst netWork access server before registering With the 
second netWork access server. 

2. The method of claim 1, further comprising: 
receiving from the ?rst access point a ?rst identi?er that 

identi?es the ?rst netWork access server. 
3. The method of claim 1, further comprising receiving 

from the ?rst access point an indication of the predetermined 
amount of time. 

4. The method of claim 1, Wherein the ?rst netWork access 
server is a Mobile IP home agent or a foreign agent to the 
Wireless device, and Wherein the second netWork access 
server is a Mobile IP home agent or a foreign agent to the 
Wireless device. 

5. The method of claim 1, Wherein the predetermined 
amount of time is pre-programmed into the Wireless device. 

6. The method of claim 5, Wherein the predetermined 
amount of time is alterable by a user of the Wireless device. 

7. The method of claim 1, Wherein the ?rst and second 
netWork access servers are packet data serving nodes. 

8. The method of claim 1, Wherein the ?rst netWork access 
server provides Mobile IP services to a ?rst logical IP sub 
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network, and wherein the second network access server pro 
vides Mobile IP services to a second logical IP sub-network. 

9. The method of claim 1, wherein the wireless wide area 
network is a wireless telecommunications network, and 
wherein the wireless device is a mobile phone. 

10. The method of claim 1, wherein the ?rst access point is 
a ?rst base station, and wherein the second access point is a 
second base station, the method further comprising: 

receiving from the ?rst base station a ?rst packet Zone 
identi?cation (ID) corresponding to the ?rst network 
access server; 

as part of the handoff to the second base station, receiving 
from the second base station a second packet Zone ID 
corresponding to the second network access server; and 

determining that the second packet Zone ID is different 
than the ?rst packet Zone ID, and responsively waiting 
for an expiration of the predetermined amount of time 
after registering with the ?rst network access server 
before registering with the second network access 
server. 

11. The method of claim 10, wherein receiving from the 
?rst base station a ?rst packet Zone ID comprises receiving 
the ?rst packet Zone ID from the ?rst base station via a paging 
channel or a forward tra?ic channel. 

12. A method for a wireless device handing off between 
base stations in a wireless wide area network to register for 
Mobile Internet Protocol (IP) services, the method compris 
ing: 

handing off to a ?rst base station in the wireless wide area 

network; 
receiving from the ?rst base station a ?rst packet Zone 

identi?cation (ID) corresponding to a ?rst packet data 
serving node (PDSN) providing Mobile IP services to 
wireless devices served by the ?rst base station and also 
receiving a timer value associated with the ?rst packet 
Zone ID; 

making a Mobile IP registration with the ?rst PDSN; 
starting a timer having a duration corresponding to the 

timer value; and 
delaying any Mobile IP re-registrations with PDSNs other 

than the ?rst PDSN until after the timer expires. 
13. The method of claim 12, wherein delaying any Mobile 

IP re-registrations with PDSNs other than the ?rst PDSN 
comprises: 

handing off from the ?rst base station to a second base 
station; 

receiving from the second base station a second packet 
Zone ID corresponding to a second PDSN providing 
Mobile IP services to wireless devices served by the 
second base station; and 

waiting until after the timer expires to initiate a Mobile IP 
re-registration with the second PDSN. 

14. The method of claim 12, wherein delaying any Mobile 
IP re-registrations with PDSNs other than the ?rst PDSN 
comprises: 
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engaging in multiple handoffs between the ?rst base station 

and a second base station; 
for each handoff to the second base station: 

receiving from the second base station a second packet 
Zone ID corresponding to a second PDSN providing 
Mobile IP services to wireless devices served by the 
second base station; 

determining that the timer has not yet expired; and 
maintaining the Mobile IP registration with the ?rst 
PDSN instead of initiating a Mobile IP re-registration 
with the second PDSN. 

15. The method of claim 14, wherein the wireless device 
maintains an active set of base stations, and wherein the ?rst 
base station and the second base station are in the active set of 
base stations during the duration of the timer. 

16. The method of claim 14, wherein the multiple handoffs 
comprise hard handoffs or soft handoffs. 

17. The method of claim 12, wherein the ?rst PDSN pro 
vides Mobile IP services to wireless devices being served by 
a plurality of base stations, wherein the plurality of base 
stations are controlled by a common base station controller, 
wherein the timer value is de?ned in the common base station 
controller, and wherein the timer value is used for ?rst and 
second wireless devices being served by different base sta 
tions in the plurality of base stations. 

18. The method of claim 12, wherein the ?rst PDSN pro 
vides Mobile IP services to wireless devices being served by 
a plurality of base stations, and wherein each base station 
stores a respective timer value to be used by wireless devices 
being served by the base station. 

19. A wireless device comprising: 
a processor; 

memory; 
logic stored in the memory and executable by the processor 

to i) handoff to a ?rst base station in a wireless wide area 
network, ii) receive from a ?rst base station a ?rst packet 
Zone identi?cation (ID) corresponding to a ?rst packet 
data serving node (PDSN) providing Mobile Internet 
Protocol (IP) services to wireless devices served by the 
?rst base station and a timer value associated with the 
?rst packet Zone ID, iii) initiate a Mobile IP registration 
with the ?rst PDSN, iv) start a timer having a duration 
corresponding to the timer value, and v) wait until the 
timer expires before initiating a Mobile IP re-registra 
tion with a PDSN other than the ?rst PDSN. 

20. The wireless device of claim 19, further comprising 
logic stored in the memory and executable by the processor to 
i) handoff from the ?rst base station to a second base station 
in the wireless wide area network, ii) receive from the second 
base station a second packet Zone ID corresponding to a 
second PDSN providing Mobile IP services wireless devices 
being served by the second base station, iii) initiate a Mobile 
IP registration with the second PDSN if the timer has expired, 
and iv) maintain the Mobile IP registration with the ?rst 
PDSN if the timer has not expired. 

* * * * * 


